We conducted three experiments to investigate how object-based components contribute to the attentional processes of chimpanzees and to examine how such processes operate with regard to perceptually structured objects. In Experiment 1, chimpanzees responded to a spatial cueing task that required them to touch a target appearing at either end of two parallel rectangles. We compared the time involved in shifting attention (cost of attentional shift) when the locations of targets were cued and non cued. Results showed that the cost of the attentional shift within one rectangle was smaller than that beyond the object's boundary, demonstrating object-based attention in chimpanzees. The results of Experiment 2, conducted with different stimulus configurations, replicated the results of Experiment 1, supporting that object-based attention operates in chimpanzees. In Experiment 3, the cost of attentional shift within a cued but partly occluded rectangle was shorter than that within a rectangle that was cued but divided in the middle. The results suggest that the attention of chimpanzees is activated not only by an explicit object but also by fragmented patches represented as an object at a higher-order perceptual level. Chimpanzees' object-based attention may be similar to that of humans.
Introduction
Regulating unimportant sensory input and focusing on processing important information is essential for fast and efficient visual recognition. For example, devoting too many cognitive resources to information processing about trees or pedestrians might result in failure to detect a red light. Visual attention represents one mechanism for filtering out unimportant objects and events in order to primarily process important information.
Visual attention has been conventionally explained by metaphors about spotlights (Posner, 1980) or zoom lenses (Eriksen & Yeh, 1985) , in which the degree of activation is determined solely by the eccentricity from the focal center, termed ''space-based attention." Specifically, any area in the visual field is considered as more highly activated when it is nearer to the attended location. On the other hand, the object is also a determinant of the degree of attentional activation; humans perform a double task more efficiently when it involves reporting both color and shape related to a single object versus when those qualities are individually related to two objects (Duncan, 1984) . It is clear that space-based and object-based attention are not mutually exclusive. Egly, Driver, and Rafal (1994) demonstrated that both spatial-and object-based aspects of attention affect performance. In their experiment, participants were instructed to press a key when a target appeared in one end of one of two rectangles arranged in parallel. A brief presentation of a cue preceded the presentation of the target, which appeared in the same or another end of the rectangles. In 75% of the trials, the cue appeared at the same site as the target, working as a predictor of the target location; hence, the reaction time (RT) decreased. This phenomenon can be explained by spotlight-like space-based attention; the attention for the cued site was triggered, and the target appearing at the activated site could be detected rapidly. In half of the remaining trials (i.e., 12.5% of trials), the target was presented at the other end of the same rectangle in which the cue appeared, whereas the target appeared at the nearer end of the other rectangle in the other half of these trials. The distance from the cued site to the target site in both types of trials was the same. Interestingly, the RT was slightly but reliably shorter in the former than in the latter trials, suggesting the inadequacy of a space-based account of attention because spotlightlike attention should have activated both sites equally. Objectbased attention may have activated the cued object as a whole.
Consideration of the results presented by Egly et al. (1994) necessitates reserving conclusions about the robustness or generalizability of the ''within-object benefit" observed in their experiment because they used only rectangular frames as objects. Moore, Yantis, and Vaughan (1998) replicated the study conducted by Egly et al. (1994) using a similar spatial cuing task and demonstrated that a within-object benefit was observed even when the object was subjectively constructed with illusory contours or when it was partially occluded by another object. Robertson and Kim (1999) found that the smaller cost for attentional shift (i.e., faster response) involving a visual illusion that causes an object to be seen as short suggests that object-based attention operates even on represented objects. Moreover, the attention in question appeared to extend over a perceptually organized group rather than merely in response to circumscribed sensory input. Thus, the nature of object-based attention renders it suitable for investigating how visual patches are organized into a meaningful object on the basis of whether the benefit in attentional shifting occurs. We will return to this issue in the Section 5.
Because the world contains many objects, animals are required to extract meaningful objects from their environments. Therefore, many animal species might share an object-based attentional process, and the nature of this process might vary according to the environment of each species. Although comparisons among species are essential for exploring issues of the adaptive significance and phylogenetical origins (i.e., ultimate causes) of human objectbased attention, minimal evidence of object-based attention in nonhuman animals has been collected, except with regard to pigeons and monkeys. Lazareva, Vecera, Levin, and Wasserman (2005; see also Lazareva, Levin, Vecera, & Wasserman, 2006; trained pigeons to discriminate between displays in which two dots were presented on either of two differently colored areas (objects) and in which each object contained one dot. The pigeons could successfully complete this training, suggesting that they could arrive at certain judgments according to the characteristics of two-dimensional objects. In further research (Lazareva, Castro, Vecera, Wasserman, 2006) , pigeons were required to discriminate between a target square included in the object area and one presented in the surrounding area. The pigeons exhibited faster RTs when the target appeared in the object area than in the surrounding area. These results suggested that the attention of the pigeons was captured by the object.
Roelfsema, Lamme, and Spekreijse (1998) required macaques to fixate on a point (dot) and, after a brief delay, presented two disks. One disk was connected to the fixation point with a curved line, whereas another line extending from the other disk was not connected to the fixation point. Monkeys were rewarded for moving their focus of attention onto the former disk. The results showed that the neurons whose receptive field contained the line connected to the fixation point were activated more than were the neurons whose receptive field contained the other line, indicating that the monkeys visually attended to the entire line they were tracking.
In the present study, we examined the extent to which the attentional processes of chimpanzees involve object-based attention from the comparative-cognitive perspective. We used a methodology very similar to that used for human participants (Egly et al., 1994) and employed a spatial cuing task. Chimpanzees are the species closest to humans, and their performance in spatial cuing tasks has been shown to be similar to that of humans (Tomonaga, 1997 (Tomonaga, , 2007 . Thus, the present study will contribute to understanding the phylogenetic origins of human attentional processes.
Experiment 1
In Experiment 1, two chimpanzees participated in the task used by Egly et al. (1994) , as modified for chimpanzees.
The object-based enhancement of spatial cues demonstrated by Egly et al. (1994) has been countered by arguments in favor of object-based inhibition of return (IOR) (Jordan & Tipper, 1998 Tipper, Weaver, Jerreat, & Burak, 1994) . IOR is the phenomenon in which visual attention does not return to the location on which attention had been focused previously when the stimulus onset asynchrony (SOA) between a cue and a target extends beyond 300 ms (e. g., Klein (2000) , Posner and Cohen (1984) , for a review). Jordan and Tipper (1998) used the same procedure as that used by Egly et al. in which a cue appeared in one end of two rectangles and a target appeared in the same or in another place after a delay following the offset of the cue. Jordan and Tipper, however, added a longer SOA and found that the response to a target appearing in the cued object was longer than was that to the target appearing in the other object with the long SOA. Thus, we used two SOA conditions, 200 ms and 600 ms, in the present experiment. If chimpanzees' visual attention processes involved object-based IOR, we would expect that the response times (RTs) for both the target at the cued site and that within the cued object would be longer in the 600-ms SOA condition.
Methods

Participants
Two adult female chimpanzees (Pan troglodytes), Chloe and Pendesa (see Fig. 1 , bottom panel), participated in this study. Both had an extensive training history in various kinds of computer-controlled perceptual-cognitive tasks (Imura, Tomonaga, & Yagi, 2008; Inoue & Matsuzawa, 2007; Matsuno & Tomonaga, 2006; Matsuzawa, 2006; Tanaka, 2003 Tanaka, , 2007 Tomonaga, 1997 Tomonaga, , 2007 Tomonaga, , 2008 
Apparatus
Experiments were conducted inside an experimental booth for chimpanzees (1.8 Â 2.15 Â 1.75 m). A 21-in. color CRT monitor (NEC PC-KH2021) with a capacitive touchscreen device (Microtouch SM-T2) was installed 15 cm from the floor on one side of the experimental booth. A touch to the monitor's surface by a participant's finger was defined as a response. The screen was protected from deterioration by a transparent plexiglass panel and fitted with an armhole (10 Â 47 cm), which allowed hand contact with the CRT. The resolution of the monitor was 640 Â 400 pixels. A food tray was installed below the CRT. A universal feeder (Biomedica BUF-310) delivered food items (small pieces of apple or raisins) to this tray. The equipment was connected to a personal computer (NEC PC-9821 Xn) that controlled the stimulus display, touch detection on the CRT, reward delivery, and data collection.
Stimuli
The display of the present experiment consisted of objects, a cue, and a target (Fig. 1, top panels) . The object was a solid black rectangle (9.9 cm long Â 1.7 cm wide). We arranged two rectangles parallel to each other in either a vertical or a horizontal direction. The distance between these objects (center to center) was 9.9 cm. The cue was a yellow square frame (1.1 cm Â 1.1 cm, 1 mm in thickness) and the target was a solid red circle (0.7 cm in diameter).
Procedure
Each trial started with the presentation of a blue square (start key; 3.3 cm Â 3.3 cm) and the two solid black rectangles (Fig. 1 , bottom panel). The start key was located at the bottom center (below the rectangles) of the display so that the stimulus display was not hidden by the chimpanzees' arms. Initially, touching the start key resulted in a 100-ms presentation of the cue at either end of the two rectangles (i.e., there were four possible cue sites). Any subsequent touching of the cue had no programmed consequences. After the disappearance of the cue and either a 100-ms or 500-ms delay, that is, 200-ms and 600-ms SOA conditions, a target appeared at one of three positions: the same as that of the cue (Valid condition), the other end of the cued rectangle (Within condition), or the nearer end of the non cued rectangle (Between condition). The disparity from the cued site to the target site under the Within and Between conditions was the same. The target never appeared at the farther end of the non cued rectangle (i.e., at the site diagonally opposite from the cued site). Touching the target terminated the presentation of all stimuli on the monitor and was followed by a food reward (a piece of apple or raisin) along with a chime sound and a 2-s intertrial interval (ITI). Each finger-touch within a 2.7-cm diameter around the target was defined as touching the target, and each touch outside of that area had no programmed consequences.
Because the start key was located below the rectangles, rendering the distance to the target under each condition different on different trials, we used each target site equally often under each condition. Each session consisted of 64 trials under the Valid condition [4 (cue) Â 2 (rectangular direction; horizontal or vertical) Â 2 (SOA) Â 4 (repetition)] and 32 trials each under both the Within and Between conditions [4 (cue) Â 2 (rectangle) Â 2 (SOA) Â 2 (repetition)]. Each chimpanzee participated in 15 sessions. Because the current experiment required no explicit training for the chimpanzees, they frequently stopped responding to the start key and touched the cue during the early sessions. We regarded the initial three sessions as a ''practice" and, on an a priori basis, excluded the data obtained in these sessions from data analyses. Fig. 2 shows the mean RTs for each condition using the average of the median RTs to each target site for each chimpanzee. Under both SOA conditions, RTs under the Valid condition were the fastest among the three conditions (509 ms for the 200-ms SOA and 448 ms for the 600-ms SOA). These results indicate that the yellow frame worked as an effective spatial cue for predicting the target location, which is consistent with previous cueing experiments with chimpanzees (Tomonaga, 1997 (Tomonaga, , 2007 and can be explained by space-based attention. As described above, our hypothesis held that RTs would be faster under the Within condition than under the Between condition if object-based attention as well as spacebased attention were operating. Differences between the Within and Between conditions in terms of the results obtained according to SOA, however, were inconsistent. Under the shorter SOA condition, the chimpanzees responded faster under the Within than under the Between condition (543 ms for the Within condition and 570 ms for the Between condition), congruent with the prediction based on the object-based attention hypothesis. The mean difference between the RTs under the two conditions was 27 ms, greater than the comparable difference observed in Egly et al.'s (1994) study (13 ms The results of Experiment 1 indicate the possibility of objectbased attention in chimpanzees, at least under the shorter SOA condition. Chimpanzees did not exhibit object-based enhancement under the longer SOA. One possible explanation for these results is that the current longer SOA (i.e., 600 ms) was not sufficiently long to produce IOR. Tipper and colleagues found object-based IOR in humans under various stimulus settings (Jordan & Tipper, 1998 Tipper et al., 1994,) but the time course of object-based IOR varied among conditions (from a 583-ms to a 842-ms SOA). Under the 600-ms SOA condition, object-based facilitation might remain effective, but object-based IOR might moderates its effect. However, this tentative conclusion suggests that inhibitory components of object-based attention also exist in chimpanzees. The need to maintain chimpanzees' concentration prevented the use of a large variety of SOAs during a single testing session. Additional studies with longer SOAs will be necessary to draw more definite conclusions.
Results and discussion
Although our procedure required no explicit training for the chimpanzees, exposure to the stimuli might have promoted attention to the objects. The results of the analyses, however, did not show significant effects of session or of interaction with session and revealed no evidence that the participants learned object-based attention. Object-based attention in chimpanzees may be an involuntary process automatically driven by objects in a visual scene.
In the next experiment, we tried to replicate the results obtained in Experiment 1 with different spatial configurations of objects. Three or four rectangles were aligned horizontally while maintaining equal vertical distances between the start key and each target to examine whether more rigid control of start key-target distance might reveal that object-based benefit exerted greater impact in the chimpanzees.
Experiment 2
3.1. Methods
Participants and apparatus
Another adult female chimpanzee, Ai, joined the previous participants. Ai had extensive experience participating in various kinds of perceptual-cognitive studies (Inoue & Matsuzawa, 2007; Matsuno & Tomonaga, 2006; Matsuzawa, 2001 Matsuzawa, , 2003 Matsuzawa, , 2006 Matsuzawa, Tomonaga, & Tanaka, 2006; Tanaka, 2003 Tanaka, , 2007 Tomonaga & Matsuzawa, 2002) . All three participants were tested in the same settings as used in Experiment 1.
Stimuli
The cue stimulus was the yellow frame (1.2 cm Â 1.2 cm, with 1.7-mm thick lines) and the target stimulus was the red circle (0.4 cm in diameter). The start key was the same size as in Experiment 1. The objects were the solid black rectangles (6.1 cm Â 2.2 cm).
Procedure
The trial procedure remained unchanged from that of Experiment 1, except with regard to display configurations and the removal of the SOA manipulation. First, we determined eight locations (Sites 1-8) for the cue and the target; these were aligned horizontally above the center of the start key and separated equally by 4.4 cm (Fig. 3, top panels) .
Similar to Experiment 1, the start key and either three or four rectangles appeared when each trial started. In the 4-object condition (Fig. 3, top-left panel) , four rectangles appeared and each covered Sites 1-2, 3-4, 5-6, or 7-8, whereas in the 3-object condition, three rectangles appeared and each covered Sites 2-3, 4-5, or 6-7 (Fig. 3, top-right panel) . Touching the start key produced the cue for 100 ms at one of the eight sites. After the disappearance of the cue and a 100-ms delay, the target appeared at the same site as the cue (Valid condition), at the other end of the cued rectangle (Within condition), or at the other adjacent end of the cued site (Between condition). For instance, when the cue appeared at Site 4 under the 4-object condition, the target appeared at Site 3 under the Within condition (as shown in the bottom three photographs in Fig. 3 ) or at Site 5 under the Between condition. In Experiment 2, the cue-target SOA was only 100 ms, which differed from that in Experiment 1.
Each cued site had three conditions, with the exception of the left-most and the right-most sites (Sites 1 and 8 in the 4-object condition and Sites 2 and 7 in the 3-object condition), which each had two conditions. This resulted in a 3 Â 8 -2 matrix of trials (totaling 22 trials) under the 4-object condition, and a 3 Â 6 -2 matrix (totaling 16 trials) under the 3-object condition; these trials were randomly presented in one block. We repeated the block three times (totaling 114 trials) in one session. Each subject participated in 15 sessions. In Experiment 2, we changed the stimuli substantially for Experiment 2 and added Ai as a new participant. We regarded the initial three sessions of this experiment as ''practice" and used the final 12 sessions for data analysis, as in Experiment 1. Fig. 4 shows the mean RTs of each condition. Note that we did not include the data from Sites 1, 2, 7, and 8 because of the unequal number of trials for each condition.
Results and discussion
The RTs under the Valid condition were the shortest (357 ms), and more importantly, those under the Within condition (408 ms) were shorter than under the Between condition (436 ms; the object-based benefit was 28 ms, which was comparable to that obtained in Experiment 1). We conducted a mixed-model ANOVA incorporating validity conditions (Valid/Within/Between) and session as fixed factors and participant as a random factor. The present ANOVA revealed that the effect of validity was significant (F 2, 70 = 47.107, p < .001). A multiple comparison with Bonferronicorrected significance levels revealed a significant difference between the Valid and Within conditions as well as between the Within and Between conditions (p < .001 and p = .003, respectively). These analyses clearly indicate the operation of objectbased attention in chimpanzees. Unlike in Experiment 1, the effect of session was also significant (F 11, 70 = 1.999, p = .041), although the interaction of these fixed factors was not significant (F 22, 70 = 0.342, p = .997). This analysis suggests that the overall RTs were not completely stable during the test period but that the tendency toward object-based benefit was consistent throughout the period. The results of Experiment 2 also indicate that the observed object-based attention of the chimpanzees was an involuntary process, at least in response to the stimulus display used in the present testing.
Although modifying the array of the stimuli did not result in a stronger object-based benefit than did that used in Experiment 1, we obtained clear evidence for object-based attention, as in Experiment 1. However, the generalizability of our findings might be compromised because the cued site and the target site under the Between condition were separated by a distinctive gap area (see Fig. 3 , top-left panel) that might have merely disrupted the tracking movements of the chimpanzees' eyes. An account of objectbased attention cannot rely on eye-tracking because the latter is thought to be a stimulus-driven, automatic, or lower-level kinetic function. Further investigation of how these results can be generalized to various kinds of objects (not only various arrays of stimuli) is warranted.
In Experiment 3, we investigated whether the visual attention of chimpanzees was activated with regard to a whole object that was partially occluded and optically separated by another object. As mentioned above, Moore et al. (1998) demonstrated that human visual attention was activated even by a partially occluded object, as if it were a whole object, due to perceptual completion of the occluded portion. Moore et al. presented two rectangles arranged in parallel, as in the study conducted by Egly et al. (1994) , and asked participants to search for one odd item out of four items that appeared at the four ends of the two rectangles. Unlike the experiment conducted by Egly et al. (1994) , Moore et al. superimposed an occluder over the center of the former two rectangles, separating each surface into two parts. A spatial cue appeared at either end of the two rectangles, predicting the location of the target (the odd item). The response to the target that appeared in the cued rectangle was enhanced regardless of the fragmentation, which indicated that the attention expanded behind the occluder along the amodally-completed rectangle. Behrmann, Zemel, and Mozer (1998) also obtained evidence that the within-object benefit surmounted occlusion in a series of systematic investigations. Comparing how chimpanzees and humans perform in similar settings is essential for furthering the understanding and generalizability of object-based attention in chimpanzees.
Experiment 3
In Experiment 3, we examined whether the attentional function of chimpanzees was activated with regard to a whole object that was partially occluded by another object. A previous study suggested that chimpanzees perceptually complete the portion partially occluded by other objects (Sato, Kanazawa, & Fujita, 1997; Tomonaga & Imura, 2007) . Sato et al. trained a chimpanzee to match either one unitary rod or a pair of two aligned rods to the identical sample. In a subsequent test, a rectangular occluder was superimposed onto the center of the rod. The chimpanzee matched one unitary rod to such a test stimulus, suggesting perceptual completion of the occluded portion. Tomonaga and Imura (2007) , using a methodology similar to that adopted by Fujita and Ushitani (2005) , reported that chimpanzee search performance was worse when the target was a circle occluded with a rectangle among intact circle distractors than when the target was a Pacman-shaped circle.
In order to test attentional activation with regard to an occluded surface, we arranged two rectangles in an ''X" so that one overlapped another. The cue and the target were presented at one of the four sites located at the ends of the blue or red rectangles (Fig. 5) . We compared the RTs of the chimpanzees in the two conditions: the Occlusion condition in which both the cue and the target appeared in the same but partially occluded rectangle, and the Gap condition in which both the cue and the target appeared separately in the fragments of one rectangle divided in the middle. If object-based attention operated over the amodally-completed representation of the rectangle, RTs under the Occlusion condition would be shorter than those under the Gap condition.
Methods
Participants and apparatus
The same three female chimpanzees participated in the present experiment. They were tested with a different apparatus from that used in previous experiments, but were situated within the same experimental booth. A 17-inch LCD monitor equipped with a touch sensor (IO-Data, LCD-AD171F-T), on which all stimuli were presented, was attached to a side wall of the booth. Resolution was set to 1024 Â 768 pixels. Another personal computer (HP, Compaq Business Desktop dc5100 SF) generated all stimuli, controlled all events in the experiment, and recorded the data.
Stimuli
We prepared two rectangles (11.4 Â 1.4 cm) colored red or blue (slightly less saturated than the default setting of the computer) and arranged them in an ''X" shape with one overlapping the other for the Occlusion condition (Fig. 6 ). For the Gap condition, we used a similar stimulus array except with regard to the gap in one rectangle, which was truncated at the intersection of the other rectangle and had a circular border at its truncated end; the two fragments were separated by 3.1 cm at the closest point.
The cue and the target were presented at one of the four sites located at the ends of the two rectangles (Sites 1-4 in Fig. 5 ). These sites were located exactly on an imaginary circular curve (r = 6.5 cm) and equally separated by 5.0 cm. The start key, a light-green, solid square (2.1 Â 2.1 cm) was located at the center of the circle so that the distance to each site was the same (6.5 cm). The cue was a yellow square frame (0.7 Â 0.7 cm, 0.1 cm thick) and the target was a white circle (r = 0.3 cm). All stimuli were drawn on a black background.
Procedure
The procedure was similar to that used in previous experiments. When the chimpanzee touched the start key, the cue appeared for 100 ms. After a 100-ms delay, the start key disappeared and the target appeared. Touching the target caused all stimuli to disappear, and the food reward was delivered with a chime sound.
The cue and the target appeared randomly and equally at each site, with the exception that the target never appeared at the cued site (i.e., Experiment 3 did not include the Valid condition). Therefore, Experiment 3 included four conditions: the Within condition, in which the target appeared in the cued rectangle that occluded the other; the Occlusion condition, in which the target appeared in the cued rectangle that was partly occluded by the other; the Gap condition, in which the target appeared in the rectangle that was separated into two fragments; and the Between condition, in which the cue and the target appeared in the two rectangles. Under the Within, the Occlusion, and the Gap conditions, the distance between the locations of the cue and the target was constant (between Site 1 and Site 3 and between Site 2 and Site 4; 9.2 cm). The Between condition involved two patterns in which the cue-target distance was either long (between Site 1 and Site 4; 12.5 cm) or short (between adjacent Sites; 5.0 cm).
A session consisted of 96 trials [4 (cue location) Â 3 (target location) Â 2 (the occluded rectangle was blue/red) Â 2 (the rectangle that extended from left bottom to right top was blue/red) Â 2 (one rectangle was occluded or truncated)]. Therefore, each session included 16 trials under the Within condition and eight trials under the Occlusion and Gap conditions, respectively; the remaining 32 trials were conducted under the Between condition. We conducted 30 sessions for each chimpanzee. The number of trials under each condition was relatively small, and we therefore pooled the data from each three-session block and calculated the mean RTs for each condition. Similar to the previous experiments, we did not include the data from the initial two three-session blocks because the changes in the testing stimuli and the procedure might have caused unstable performance. As described above, the Between condition involved two patterns with respect to the cue-target disparity; one was shorter and the other was longer compared with those under the Within, the Occlusion, and the Gap conditions. Additionally, the cue and the target appeared in two differently colored areas only under the Between condition; thus, analyses focused on the other three conditions: the Within, Occlusion, and Gap conditions. Fig. 6 shows mean RTs for the three test conditions averaged across chimpanzees. This figure shows that the RTs for the Within and Occlusion conditions were comparable (471 ms) and faster than were those under the Gap condition (501 ms). The objectbased benefit was 30 ms which was almost equal to that in Experiments 1 and 2. A mixed-model ANOVA in which condition (Within/Occlusion/Gap) and session were incorporated as fixed factors and participant was incorporated as a random factor revealed that the effect of condition was significant (F 2, 46 = 4.505, p = .016). A multiple comparison with Bonferroni-corrected significance levels revealed a significant difference between Within and Gap conditions (p = .039) and between Occlusion and Gap conditions (p = .037) but not between Within and Occlusion conditions (p > .99). These results strongly support that a similar object-based attentional process for chimpanzees and humans extends even over optical fragmentation. At the same time, these results also support the broader generalizability of the within-object benefit observed in the previous results. Furthermore, the main effects of session (F 7, 46 = 1.089, p = .386) and the interaction between condition and session (F 14, 46 = 0.753, p = .711) were not significant, again suggesting that objects can involuntarily capture chimpanzees' attention.
Results and discussion
We should note that the RTs under the Between condition with the shorter cue-target disparity (between adjacent sites) were much shorter than were those under the three testing conditions (428 ms, SD = 37 ms) and that the RTs for the longer disparity (between Sites 1 and 4) were longer than were those under the Gap condition (511 ms, SD = 63 ms). Space-based attention, which is assumed to be controlled by the spatial disparity, does not seem to operate with object-based attention exclusively.
General discussion
The present study involved three experiments to investigate object-based attention in the visual system of the chimpanzee. In Experiment 1, two chimpanzees participated in a spatial cueing task in which they were required to touch a target appearing at either end of two parallel rectangles after the brief presentation of a cue. The results of the shorter stimulus onset asynchrony (SOA) condition showed that the cost of shifting attention within one rectangle was smaller than that of shifting attention beyond the object boundary, suggesting an object-based attention process in chimpanzees. On the other hand, the chimpanzees demonstrated no differences between cueing conditions when the SOA was 600 ms, suggesting that some inhibitory components (such as inhibition of return) affected their performances. In Experiment 2, we obtained additional results suggesting object-based attention but under different stimulus configurations. Furthermore, we presented two chromatically distinct rectangles with one partially overlapping the other in Experiment 3. The RTs for touching the target appearing in a cued but partially occluded rectangle were shorter than those for the rectangle that was cued but had been truncated in the middle. These results imply that the observed within-object benefit was general rather than an artifact of, for instance, eye movement guided by a continuous surface.
Although, for purposes of comparison, we used a procedure similar to that used by Egly et al. (1994) , one of the major differences is that we did not train the chimpanzees to fixate on the start key, whereas Egly et al. instructed human participants to maintain focus on a fixation point. We cannot conclusively deny the possibility that the chimpanzees directed their gazes to a cued object before the target appeared, thereby producing short RTs under the Within conditions. If this were the case, an attentional interpretation of the present data would be inappropriate. The probability of target appearance, however, was the same for each non cued location; hence, the occurrence of anticipatory gaze would be unlikely or, at least, not beneficial for object-based attention. Future research using an eye-tracker for chimpanzees (Kano & Tomonaga, 2009, in press) might contribute to revealing the detailed nature of the attentional process observed in the present study.
The chimpanzees did not receive any explicit training to attend to cued objects in any of the experiments, and we could not find evidence of learned object-based attention. At least certain objects, therefore, can capture a chimpanzee's attention, and the entire area of an object of attention can be activated automatically or involuntarily. Systematic manipulation of cue validity for each object and location, however, may reveal the processes by which object-based attention develops. For example, if two objects were difficult to find or did not automatically capture attention, and if cue validity were high for one object and low for the other, object-based attention may develop faster for the former object than for the latter. However, this hypothesis regarding the process whereby object-based attention is learned requires future investigation.
Studies of object-based attention from a comparative-cognitive perspective have been quite rare (e.g., Lazareva, Castro, et al., 2006) despite their necessary contribution to our understanding of phylogenetic origins and their foundational role in neurophysiological studies (e.g., Roelfsema et al., 1998) . One important contribution of the present study is its demonstration of object-based attention by chimpanzees using a paradigm that closely resembles that used to study this phenomenon in human participants (Egly et al., 1994) . We did not require that the chimpanzees perform any explicit discriminations with regard to background objects and, therefore, the object-based attention observed in the present research appears to be an exogenous, bottom-up attentional process. The studies conducted by Lazareva, Castro, et al. (2006) , however, revealed that the attentional effect associated with objects could be observed in pigeons only when they were required to judge whether the target appeared on the area occupied by an object. Whether background objects automatically capture the attention of observers seems to depend on species; objects automatically capture the attention of humans and chimpanzees, whereas this does not seem to be the case for pigeons. Nevertheless, considering the possible ecological significance of object-based attentional processes, we might assume that certain kinds of objects (e.g., ecologically meaningful objects) might automatically capture the attention of pigeons. These questions await future exploration.
An additional important contribution of the present study with regard to comparative cognition is the implication that our paradigm might prove useful for non-verbal investigations into the visual organization of nonhuman animals. Experiment 3 was able to suggest that the attention of chimpanzees was activated with regard to the entire representation of the perceptually completed object, and the results were consistent with those of the study conducted by Sato et al. (1997) using a matching-to-sample task. If the attention of chimpanzees operates with regard to the preattentive representation of an object, we can explore how this species perceptually organizes optical patches into meaningful objects using the same methodology as in the present study. For example, we can substitute rectangles constructed with subjective contours for the rectangles used in the present research. Furthermore, we can use more complex figures, such as photos of natural scenes, in future exploration in order to investigate how animals perceive objects in the service of their survival in the wild.
